Background: The aims of this study were to compare results from a Taiwanese sub-study of the GLOBE 2303 telbivudine study and evaluate the HBV DNA kinetics. Methods: Forty-one Taiwanese patients were treated for an additional 2 years with telbivudine. Efficacy endpoints were the same as the GLOBE study. The correlations of reductions in HBV DNA levels at Week 24 were evaluated. Results: All 7 HBeAg-positive patients with undetectable HBV DNA levels at Week 24 sustained this response at Year 4 with rates of ALT normalization 71%, HBeAg seroconversion 57%, and cumulative resistance 0%. Out of 16 HBeAg-negative patients with undetectable HBV DNA levels at Week 24, 11 (78%) sustained this response at Year 4 with rates of ALT normalization 83% and cumulative resistance 8.7%. There were significant correlations between reductions of DNA of ≥5 log 10 copies/mL at Week 24 with maintained PCR negativity at Years 2-4 and a lack of resistance at Year 2. Conclusions: Long-term telbivudine efficacy in Taiwanese patients was comparable to the GLOBE 2303 study. A reduction in HBV DNA levels by ≥5 log 10 copies/mL at Week 24 represented the optimal cut-off point, which may predict favourable outcomes in patients with high baseline HBV DNA levels. Trial registration: ClinicalTrials.gov Identifier: NCT00142298 (http://clinicaltrials.gov/).
Background
Chronic hepatitis B (CHB) infection is an important risk factor for the development of liver failure, liver cirrhosis, and hepatocellular carcinoma. The prevalence of hepatitis B virus (HBV) in Taiwan (>10%) is the highest in Asia, with 76% of chronic hepatitis patients being infected with HBV [1] . Although the implementation of a mass immunization program against HBV has brought a dramatic reduction in the prevalence of the carrier state, there were approximately 2.4 million HBV carriers in Taiwan in 2003 [2] . Genotypes B and C are the predominant HBV strains in Taiwan, whereas genotypes A, D, E, and F are the predominant genotypes in Caucasian patients [3] . A more frequent relapse after stopping lamivudine therapy has been observed, especially if consolidation therapy after HBeAg seroconversion is too short [4] .
The Phase III GLOBE trial demonstrated the superior efficacy of telbivudine over lamivudine over a period of two years in a population of 1370 patients who had both HBeAg-positive and HBeAg-negative CHB [5, 6] . The Phase IIIb extension study involved an additional two years of telbivudine therapy with continued monitoring of therapeutic responses, and further demonstrated a higher rate of viral suppression along with better durability and favourable safety profile of telbivudine compared to lamivudine [7, 8] . The roadmap concept uses a treatment algorithm based on patient outcomes at Week 24 to maximize benefits from long-term therapy against HBV and minimize long-term drug resistance [9, 10] . In the current management regimen for CHB, the residual HBV DNA level is considered to be a better marker of therapeutic outcome and the emergence of resistance than baseline HBV DNA levels. However, in patients with high HBV DNA baseline levels (≥9 log 10 copies/mL), it is difficult to achieve absolute HBV DNA non-detectability within 24 weeks of treatment given that the average HBV DNA reduction of even the most potent NAs is only 6-7 log 10 copies/mL per year [11] . The importance of evaluating pre-treatment characteristics such as baseline HBV DNA levels versus early on-treatment responses in predicting long-term treatment outcomes in CHB has not been definitively established.
In the present study, we analyzed the efficacy of telbivudine in a homogeneous population of Taiwanese patients subanalysis to the GLOBE 2303 study. In addition, we evaluated the correlation of viral load kinetics (exact decrement in HBV DNA levels) at Week 24 with the efficacy in treatment Years 1-4 in telbivudine-treated Taiwanese CHB patients.
Methods

Study design and patients
A total of 59 Taiwanese patients in the telbivudine arm and 56 Taiwanese patients in the lamivudine arm from the intent to treat (ITT) population of the GLOBE study were included in this study. Signed informed consent was obtained from the patients and the treatment was approved by the joint institutional review board (NV-02B-022) and the department of health (0940305529) in Taiwan. Four patients from the telbivudine arm discontinued treatment before the end of the 2-year study due to efficacy (achieved HBeAg seroconversion), and 10 patients from the lamivudine arm withdrew before the end of the 2-year study due to efficacy (n = 1) and protocol deviations or adverse events (n = 9). In total, 55 patients in the telbivudine arm and 46 patients in the lamivudine arm completed treatment in the GLOBE study. Of these, 48 patients in the telbivudine arm and 36 patients in the lamivudine arm who had polymerase chain reaction (PCR)-undetectable or PCR-detectable serum HBV DNA levels and did not show genotypic resistance to the two drugs entered the Phase IIIB extension 2303 study. Considering the significant superiority of telbivudine over lamivudine demonstrated by the international GLOBE trial, all patients who entered the 2303 study were treated with telbivudine for an additional two years due to ethical concerns. A total of nine patients withdrew from the study (7 in the telbivudine arm and 2 in the lamivudine-switch arm) due to protocol deviations and/or adverse events. In total, 34 (18 HBeAg-positive and 16 HBeAg-negative) of the 36 patients from the lamivudine-switch arm and 41 (16 HBeAg-positive and 25 HBeAg-negative) of the 48 patients from the telbivudine arm completed the 2303 study. In the present study, the 4-year efficacy and ontreatment durability of the 41 Taiwanese patients from the telbivudine arm of the GLOBE trial who completed the 2303 study were analyzed.
To study the HBV DNA kinetics, the data obtained from all of the 34 HBeAg-positive telbivudine-treated patients completing the 2303 study were analyzed. The baseline characteristics of the Taiwanese patients in the GLOBE trial, 2303 study, and HBV kinetics study are shown in Table 1 .
Efficacy assessments
Efficacy measures for the analyses were as described in a previous publication [6] . Standardized tests were performed centrally by Quintiles Transnational (Research Triangle Park, NC). Serum HBV DNA levels were quantified using a COBAS W Amplicor HBV Monitor PCR assay (COBAS-AM assay; Roche Molecular Systems, Pleasanton, CA, USA; detection limit, 300 copies/mL). Informed consent was obtained from each patient enrolled in the study. The study was conducted in compliance with the Declaration of Helsinki and in accordance with Good Clinical Practice guidelines and local regulations.
Statistical analysis
Because only patients treated with telbivudine were included in this analysis, no statistical comparisons between treatment groups were performed. Analyses of the 4-year efficacy results (HBV DNA levels of <300 log 10 copies/mL, alanine aminotransferase (ALT) normalization (the normal range of ALT was below 48 IU/mL in male patients and 37 IU/mL in female patients), HBeAg loss and seroconversion, and resistance) were based on observed data, and missing data were not imputed. The cumulative HBeAg seroconversion rate was defined as the percentage of HBeAg-positive patients (n = 16) with documented seroconversion at any point during the 4-year treatment period, including patients who subsequently seroconverted. Genotypic resistance was defined as the emergence of treatment-associated resistant mutations identified by direct sequencing of the amplified HBV DNA at baseline and from sera of all patients with serum HBV DNA levels of >3 log 10 copies/mL at Year 4 (Week 208) [6] . Viral breakthrough was defined as a persistent (two consecutive determinations) on-treatment increase in serum HBV DNA level of >1 log 10 copies/mL above the nadir level [12] .
The correlations of viral load kinetics (exact reduction in HBV DNA) at Week 24 with PCR negativity, ALT normalization, HBeAg seroconversion, and treatmentemergent resistance at Years 1, 2, 3, and 4 of telbivudine treatment were also evaluated. Patients were categorised into three groups according to serum HBV DNA reduction at treatment Week 24: Group 1, ≤5 log 10 vs. >5 log 10 copies/mL; Group 2, ≤6 log 10 vs. >6 log 10 copies/ mL; and Group 3, ≤7 log 10 vs. >7 log 10 copies/mL. Stepwise logistic regression analyses were performed to identify variables associated with treatment outcomes. An odds ratio of >1 indicated a direct relationship, whereas an odds ratio of <1 indicated an inverse relationship [8] . A P value of less than 0.05 was considered statistically significant.
Results
Virological and biochemical responses at Year 4
The efficacy results of continuous telbivudine treatment in the 41 compensated CHB Taiwanese patients, the ITT population of the telbivudine arm of the GLOBE trial analysed in this study, were consistent with those of the worldwide GLOBE trial. In the 4-year worldwide GLOBE study (GLOBE study and extension 2303 study) of telbivudine [13] , 79% of the HBeAg-positive patients achieved undetectable HBV DNA levels (<300 log 10 copies/mL) with 51% HBeAg seroconversion, and 84% of the HBeAgnegative patients achieved undetectable serum HBV DNA levels and 91% achieved ALT normalization at Year 4. In the present subanalysis of the Taiwanese patients, 50% of the HBeAg-positive patients had undetectable serum HBV DNA levels, 56.3% had normalized ALT, and 37.5% and 25% achieved HBeAg loss and seroconversion, respectively, at Year 4. The HBeAg-negative patients achieved better efficacy endpoints: 76% had undetectable serum HBV DNA levels and 83% had normalized ALT at Year 4. In the Taiwanese patients who had undetectable or detectable HBV DNA levels at study entry, genotypic resistance to telbivudine at Year 4 was observed in 43.8% of the HBeAg-positive patients, and 12.5% of the HBeAg-negative patients (Table 2) . In Taiwanese treated patients had lower HBeAg seroconversion and higher genotypic resistance rate compare to GLOBE study might be prolonged HBV infection and genotype B and C.
Maintained virological responses to telbivudine at 4 years
Seven out of the 16 HBeAg-positive patients who achieved undetectable levels of serum HBV DNA at Week 24 sustained this response (100% response rate) at the end of Year 4. Among the HBeAg-negative patients, 16 patients achieved PCR negativity at Week 24, of Table 2) . Undetectable HBV DNA levels at treatment Week 24 were also associated with lower rates of genotypic resistance to telbivudine at Year 4 in the HBeAg-positive (0%) and HBeAg-negative patients (8.7%) ( Table 2 ). The rate of cumulative HBeAg seroconversion increased with continued telbivudine treatment from 12.5% at the end of Year 1 to 31.3% at the end of Year 4. In line with other efficacy results, the rate of seroconversion was higher (28.5% at Year 1 and 57.1% at Year 4) in the subgroup of patients with undetectable serum HBV DNA levels at Week 24 ( Figure 1A ).
HBsAg kinetics during treatment
In patients with HBeAg-positive CHB, telbivudine treatment significantly and progressively reduced serum HBsAg levels over a 3-year period in the subanalysis of the worldwide GLOBE study [14] . In the present study, six HBeAg-positive CHB Taiwanese patients were enrolled in an HBsAg sub-study of the 4-year GLOBE study. Of these, five patients showed a rapid decline (>0.5 log 10 IU/mL) and one patient showed a slow decline (<0.5 log 10 IU/mL) in HBsAg levels at Week 24. Patients who had a rapid decline in HBsAg levels had higher HBsAg loss and seroconversion rates (80% and 60%, respectively) compared to patients with a slow decline (0%), at that time point, their HBV DNA less than 300 copies/mL ( Figure 1B) . Interestingly, the proportion of patients with a rapid decline in HBsAg levels from baseline to Week 24 was higher in the Taiwanese subanalysis (83.3%) than in the worldwide GLOBE study (33%) [14] . However, HBsAg loss or seroclearance with S-gene mutations has recently been reported [15, 16] , and an immune escape-like mutant has been proposed. Further studies are necessary for the simultaneous evaluation of HBsAg-negative and HBV DNA levels.
Correlation between the reduction of HBV DNA levels at Week 24 and treatment outcomes at Year 4
We investigated the viral load kinetics (exact decrement in HBV DNA levels) at Week 24 and the correlations with long-term efficacy endpoints, namely maintained PCR negativity, ALT normalization, HBeAg seroconversion, and treatment-emergent resistance at Years 1, 2, 3 and 4 of continuous telbivudine treatment. The average baseline HBV DNA level of the 34 HBeAg-positive patients in the correlation studies was~9.6 log 10 copies/ mL. Reductions of 5, 6, and 7 log 10 copies/mL in HBV DNA levels at Week 24 were compared against posttreatment outcomes at Years 1, 2, 3 and 4. Statistically significant correlations were observed only between HBV DNA reductions of 5 log 10 copies/mL and maintained PCR negativity (with the exception of treatment Year 1), and between HBV DNA reductions of 5 log 10 copies/mL and lack of resistance. At two years posttreatment, the odds ratios of an HBV DNA reduction of <5 log 10 copies/mL at Week 24 for maintained PCR negativity and treatment-emergent resistance were 0.075 and 9.953, with P values of 0.0288 and 0.0219, respectively (P < 0.05) ( Table 3 ). At Years 3 and 4, the odds ratios for maintained PCR negativity were 0.056 and 0.053, with P values of 0.019 and 0.0164, respectively. The odds ratios for resistance at Years 3 and 4 could not be calculated given that the patients who had an HBV DNA reduction of <5 log 10 copies/mL at Week 24 developed resistance at Years 3 and 4 post-treatment. The higher cumulative telbivudine resistance rates at Years 1, 2, 3, and 4 in patients with an HBV DNA reduction <5 log 10 copies/mL compared to patients with an HBV DNA reduction >5 log 10 copies/mL (Table 4) were significantly correlated with HBV DNA reduction levels at Week 24, and further identified an HBV DNA reduction of >5 log 10 copies/mL at Week 24 as a good predictor of treatment outcomes at four years of continuous telbivudine treatment.
Discussion
In the GLOBE trial and the extended Phase IIIb study (2303) confirmed a good safety and tolerability profile of telbivudine, along with prolonged viral suppression and biochemical responses in HBeAg-positive and HBeAgnegative patients. The present study was a subanalysis of 41 Taiwanese patients (~75% with genotype B and~25% with genotype C) from the telbivudine arm of the worldwide GLOBE study who successfully completed the 2303 study. The results of the Taiwanese subanalysis were in agreement with the worldwide GLOBE 2303 study, despite differences in genotypes, disease progression, and transmission patterns between the Taiwanese population and other races from the worldwide GLOBE trial. Both studies prove the long-term (4-year) efficacy of telbivudine with maintained virological responses in early responders (PCR-negative at Week 24), favourable ALT normalization in both HBeAg-positive and HBeAgnegative patients, and a high HBeAg seroconversion rate in HBeAg-positive patients. Previous telbivudine studies focussing on Asian patients with CHB have reported efficacy results up to 1, 2 and 3 years in Korea, China and Hong Kong [3, 17, 18] . In our study presents a more comprehensive and long-term follow-up of telbivudinetreated Taiwanese patients. The roadmap concept assesses antiviral efficacy at Week 24 to make treatment adjustments based on the decline in HBV DNA levels. At Week 24, the decline in serum HBV DNA levels is further categorised as complete (< 300 copies/mL), partial (300 to 10000 copies/mL), or inadequate (≥ 10000 copies/mL) [19] . However, these thresholds are not applicable to patients with a high viral load at baseline given that the average HBV DNA reduction with even the most potent NAs is only 6-7 log copies/mL in one year of treatment. The present study is the first to characterize HBV DNA reduction kinetics during long-term oral treatment with a direct and highly specific antiviral agent such as telbivudine in order to predict efficacy endpoints, namely maintained PCR negativity, ALT normalization, HBeAg seroconversion, and treatment-emergent resistance. We evaluated a number of HBV DNA reduction cut-off values (5, 6, and 7 log 10 copies/mL) and identified an HBV DNA reduction of >5 log 10 copies/mL as a good predictor of effective treatment outcomes at treatment Year 4. HBV DNA reductions of 6 and 7 log 10 copies/ mL did not show a significant correlation with any of the efficacy endpoints. We believe that this approach may be complementary to the widely used roadmap concept in the long-term management of CHB patients, particularly for patients with high baseline levels of HBV DNA (≥9 log 10 copies/mL). Establishing a definite threshold of HBV DNA reduction in CHB patients with high baseline values may help to identify a subset of patients with effective on-treatment suppression of HBV replication. When complemented with the current roadmap concept, monitoring of on-treatment HBV DNA kinetics may be able to provide better treatment adjustments in patients who are likely to achieve HBeAg clearance and seroconversion during long-term telbivudine therapy. The European Association for the Study of the Liver guidelines [20] , and the roadmap concept proposed by Keeffe et al. [9] suggest the use of serum HBV DNA levels at Week 12 as the first early predictor of treatment efficacy. Week 24 has been proposed as the next earliest predictor of outcomes [21] . In the present study, the reduction in HBV DNA level at Week 24 was significantly correlated with maintained PCR negativity and treatment-emergent resistance. Analysis of the baseline characteristics of the CHB patients from the GLOBE trial identified Week 24, but not Week 12, as the optimal time point to predict treatment outcomes at the end of treatment Year 2 based on the serum HBV DNA levels in both HBeAg-positive and HBeAgnegative telbivudine-treated patients [8] . Serum HBV DNA levels at Week 24 have also been shown to influence long-term outcomes in lamivudine recipients [22] and in lamivudine-resistant adefovir recipients [23] , demonstrating its usefulness in the management of CHB patients. However, the predictive value of HBV Table 4 Cumulative resistance rates with continuous 4-year telbivudine treatment in HBeAg-positive and HBeAgnegative Taiwanese patients showing an HBV DNA decline of >5 log 10 copies/mL and ≤5 log 10 copies/mL HBeAg-positive patients (%) HBeAg-negative patients (%) [24] . Additionally, in a 3-year telbivudine efficacy trial conducted in Hong Kong, which included 36 patients from the GLOBE trial, HBV DNA levels of <200 IU/mL at Week 12 were predictive of a higher chance of HBV DNA undetectability and a lower chance of resistance by Year 3. Undetectable levels of HBV DNA at Week 24 was predictive of viral suppression at Year 2 but not at Year 3 [18] . It is worth noting that a higher proportion of patients in the Taiwanese sub-study (83.3%) had a rapid decline in HBsAg levels (83.3%) than in the worldwide GLOBE study (78%). Interestingly, these Taiwanese patients who had a rapid decline in HBsAg had higher HBsAg loss and seroconversion rates (80% and 60%, respectively) than patients with a slow decline (0%). Although these results need to be verified in a larger population of Taiwanese patients, our data show telbivudine to be an effective antiviral agent in the long-term treatment of Taiwanese patients with CHB.
Proportion of patients (%)
The current guidelines and the US treatment algorithm [19] recommend entecavir and tenofovir as first-line monotherapies for CHB due to their relative potency and high genetic barrier to resistance [25] . However, the Asian-Pacific consensus statement on the management of CHB in 2008 suggests the use of telbivudine in addition to entecavir and tenofovir [26] . Superior efficacy and lower resistance rates of telbivudine over lamivudine have been demonstrated by the worldwide GLOBE and accompanying trials.
Conclusion
The long-term efficacy and durability of continuous telbivudine treatment demonstrated in our study of Taiwanese patients substantiates the use of telbivudine in the treatment of CHB from an Asian-Pacific perspective and is comparable to the GLOBE 2303 study. Furthermore, the importance of monitoring changes in HBV DNA reduction kinetics (the optimal cut-off level of HBV DNA reduction is ≥ 5 log 10 copies/mL) to predict the 4-year outcomes of telbivudine treatment may be a novel idea, and can be effectively incorporated in the roadmap algorithm for monitoring patients with high baseline HBV DNA levels of ≥9 log 10 copies/mL.
